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Introduction
Tuberculosis (TB) is a respiratory disease mainly caused by the bacillus Mycobacterium tuberculosis (M.Tb.). It is responsible for 8 million new cases and 3.1 million deaths per year, mostly occurring in developing countries, although there are over 400,000 new cases annually in industrialized countries. As infection with human immunodeficiency virus (HIV) becomes more prevalent, tuberculosis is becoming a serious problem in developed countries as well 1 , as can be observed in Figure 1 . Of particular concern is the development of drug-resistant forms of the disease, Multidrug-Resistant Tuberculosis (MDR-TB) and Extensively Drug-Resistant Tuberculosis (XDR-TB). These forms of the disease are more often fatal and are difficult and expensive to treat.
It has been estimated that up to 50 million people are infected with drug-resistant forms of TB.
2,3
Due to the problems related to MDR-TB and XDR-TB, it is necessary to develop new, potent, fast-acting anti-tuberculosis drugs with low-toxicity profiles that can be given in conjunction with drugs used to treat HIV infections. 4, 5 New drugs and improved delivery methods will be integral parts of a strategy to fully control future outbreaks of TB, particularly MDR-TB, which has severely challenged the limited number of effective treatment options. Quinoxaline and quinoxaline 1,4-di-N-oxide derivatives display excellent biological activities (antiviral, anticancer, antibacterial, anti-parasitic… etc.) with application in many different therapeutic areas. [6] [7] [8] As a result of the anti-tuberculosis research project, our group has published several papers in which synthesis and biological activity assessments of a large number of quinoxaline and quinoxaline 1,4-di-N-oxide derivatives have been described [9] [10] [11] [12] [13] [14] [15] [16] [17] , identifying some structural requirements for optimal activity. [13] [14] [15] [16] [17] [18] [19] A few years ago, a group of thirty-one 3-methylquinoxaline-2-carboxamide 1,4-di-N-oxide derivatives were prepared and tested against M.Tb., obtaining some interesting results. 13 Three of these compounds presented enough selectivity and good results in macrophage assay so as to merit continuation of their study. With the aim of improving the previous results, new amide quinoxaline 1,4-di-N-oxide derivatives have been synthesized and evaluated as potential anti-tubercular agents, obtaining excellent results as can be observed in this report.
Results and Discussion
Thirty-six new 1,4-di-N-oxide-3-methylquinoxaline-2-carboxylic acid aryl amide derivatives were prepared through the synthetic route as follows:
First, the starting benzofuroxanes (BFX) were obtained by previously described methods. 20, 21 Next, the initial β-acetoacetamide derivatives (1-4) were synthesized through acetoacetylation of corresponding aryl amines by diketene, using methanol as the solvent as shown in Scheme 1.
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Scheme 1.
Finally, the new 1,4-di-N-oxide-quinoxaline derivatives were prepared using a variation of the Beirut reaction, where the different BFX react with the corresponding β-acetoacetamide in the presence of calcium chloride and ethanolamine as catalysts (Scheme 2).
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Scheme 2.
Quinoxaline derivatives were un-substituted or substituted in positions 6 and 7 by chloro, fluoro or trifluoromethyl moiety as electron-withdrawing groups and by methyl or methoxy moiety as electron-releasing groups. When the new quinoxalines were prepared from monosubstituted-BFX, mixtures of positional isomers were obtained. Generally, it could be observed that the 7-substituted isomer prevailed over 6-substituted isomer.
24 Table 1 summarizes the biological values of the synthesized compounds. The primary screening level determines the activity of the compounds against M.Tb. in H37Rv strain. Samples showing a percentage of TB growth inhibition greater than or equal to 90% are considered active and therefore, move on to the secondary screening. Active compounds are tested in order to determine the actual minimum inhibitory concentration (MIC), and simultaneously cytotoxicity (IC 50 ) in VERO cells is evaluated. Next, the MIC and IC 50 values are formed into a ratio termed Selectivity Index (SI). If the SI level is 10 or greater, a compound is considered active at the second level. As can be observed in table 1, compounds 10 and 27 were identified as the most interesting derivatives, with great antitubercular activity and low values of cytotoxicity, as can be observed by their SI values. Derivatives 9, 13, 28, 29, 36 and 38 have also shown very good results. Some structure-activity relationships could be established.
Looking at the values for compounds 9-13, 20-22, 27-31 and 36-40, it can be said that, in general, the introduction of an electron-withdrawing substituent in the quinoxaline ring results in an increment in the antitubercular activity of the derivatives. On the contrary, the insertion of an electro-releasing moiety results in a reduction of this activity, as can be observed by the results obtained for the compounds 6-8, 15-17, 24-26 and 33-35. In short, it can be concluded that the insertion of an electron-withdrawing moiety in the quinoxaline ring is an essential requirement in order to improve the antitubercular activity, as established in previous works reported by the group. 13 To further explore the SAR of these compounds, a methoxy group was substituted in the para position of the benzene ring. This derivatization led to an increase of the cytotoxicity of the compounds, as can be observed by comparing the following derivatives 5 vs 14, 6 vs 15, 11 vs 20, 13 vs 22, 24 vs 33, 23 vs 32, 27 vs 36 and 29 vs 38. With the aim of improving these results, current studies are ongoing to modify not only the substituent on the benzene ring but also the aromatic ring itself.
Finally, looking at the values of the compounds 10 vs 28 and 13 vs 31, it can be observed that lengthening the aliphatic chain can also result in a greater value of cytotoxicity. Taking into account these results and previous ones obtained by the group 13 , the most suitable linker is established as a single methylene group between the carboxamide and the benzene ring.
Conclusions
Thirty-six new 1,4-di-N-oxide-3-methylquinoxaline-2-carboxylic acid aryl amide derivatives were synthesized using a variation of the Beirut reaction. Thirty-four of these compounds were evaluated against M.Tb. in H37Rv strain; all of them showed a TB growth inhibition percentage greater than or equal to 90%. These compounds were considered active at first level and moved on to the secondary screening, where the actual minimum inhibitory concentration (MIC) in H37Rv strain and cytotoxicity (IC 50 ) in VERO cells were determined. In this case, twenty three of the twenty-six evaluated derivatives showed an SI greater than 10, being considered to be active at the second level.
Taking into account the SI values shown in Table 1 , it can be said that these values are similar to the reference compound, Rifampin (RIF). In conclusion, the potency, selectivity, and low cytotoxicity of these compounds make them valid leads for synthesizing new compounds that possess better activity. 
Experimental Section
Determination of growth inhibition percentage via MABA
The initial screen is conducted against M.Tb. H37Rv (ATCC 27294) in BACTEC 12B medium using the Microplate Alamar Blue Assay (MABA). 26 Compounds exhibiting fluorescence were tested in the BACTEC 460-radiometric system. Compounds effecting <90% inhibition in the primary screen (MIC >6.25 g/mL) were not further evaluated.
Determination of minimum inhibitory concentration (MIC) via MABA
Compounds demonstrating at least 90% inhibition in the primary screen were re-tested against M.Tb. H37Rv at lower concentrations in order to determine the actual minimum inhibitory concentration (MIC) in the MABA. The MIC was defined as the lowest concentration effecting a reduction in fluorescence of 90% relative to controls. Rifampicin was used as the reference compound (RIF 0.015-0.125 µg/mL).
Determination of cytotoxicity in VERO cells
Compounds are screened by serial dilution to assess toxicity to a VERO cell line at concentrations less than or equal to 6.25 µg/ml or 10 times the MIC for M.Tb. H37Rv if sample solubility in culture medium permits. After 72 hours of exposure, viability is assessed on the basis of cellular conversion of MTT into a formazan product using the Promega CellTiter 96 Nonradioactive Cell Proliferation Assay. RIF was used as the reference compound (RIF IC 50 >100 µg/mL).
Determination of selectivity index (SI)
The selectivity index (SI) is defined as the ratio of the measured IC 50 in VERO cells to the MIC for M.Tb. H37Rv. In general, requirements for moving a compound into in vivo testing include:
MIC ≤ 6.25 µg/mL and SI ≥ 10 (occasionally lower). RIF was used as the reference compound (RIF SI>800).
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Quinoxaline derivatives were un-substituted or substituted in positions 6 and 7 by chloro, fluoro or trifluoromethyl moiety as electron-withdrawing groups and by methyl or methoxy moiety as electron-releasing groups. When the new quinoxalines were prepared from monosubstituted-BFX, mixtures of positional isomers were obtained. Generally, it could be observed that the 7-substituted isomer prevailed over 6-substituted isomer. 
Conclusions
Thirty-six new 1,4-di-N-oxide-3-methylquinoxaline-2-carboxylic acid aryl amide derivatives were synthesized using a variation of the Beirut reaction. Thirty-four of these compounds were evaluated against M.Tb. in H37Rv strain; all of them showed a TB growth inhibition percentage greater than or equal to 90%. These compounds were considered active at first level and moved on to the secondary screening, where the actual minimum inhibitory concentration (MIC) in H37Rv strain and cytotoxicity (IC 50 ) in VERO cells were determinated. In this case, twenty three of the twenty-six evaluated derivatives, showed a SI greater to 10, being considered active at the second level.
The compounds 10 and 27 were identified as the most interesting derivatives, with great antitubercular activity and low values of cytotoxicity as observed by their SI values ( Table 1) Taking into account the SI values shown in Table 1 , it can be said that these values are similar to the reference compound, Rifampin (RIF). In conclusion, the potency, selectivity, and low cytotoxicity of these compounds make them valid leads for synthesizing new compounds that possess better activity.
Experimental Section
General Remarks
All of the synthesized compounds were chemically characterized by thin layer chromatography and Lancaster (Bischheim-Strasbourg, France).
General procedure of synthesis
Synthesis of β-acetoacetamide derivatives (1-4)
The corresponding aryl amines (20.0 mmol) were diluted in methanol (20.0 mL) in N 2 atmosphere and cooled in ice bath until 0ºC. Next, diketene (22.0 mmol) was added dropwise and the reaction was stirred for 2-3h. The obtained residue was precipitated with cold diethyl ether and filtered in order to obtain a red-brown solid. The compound was used without further purification. 
N-benzyl-3-oxobutanamide (1
Synthesis of 1,4-di-N-oxide-3-methyl-quinoxaline-2-carboxylic acid aryl amide derivatives (5-40)
The corresponding BFX (1.0 mmol) and the corresponding β-acetoacetamide (1.2 mmol) were dissolved in the minimum amount of methanol. Next, calcium chloride (0.1 mmol) and ethanolamine (5 drops) were added as catalyst, as described by Stumm and Niclas. 23 The reaction was stirred at room temperature from 1 to 5 hours, filtered and washed with cold ethanol. The solid was dissolved in dichloromethane and quenched with water. The organic phase was dried with sodium sulphate and filtered. The solvent was removed in vacuo and precipitated with cold diethyl ether in order to obtain a yellow solid. The solid was purified by column chromatography, if necessary. 
1,4-Di-N-oxide-3-methylquinoxaline-2-carboxylic acid 2-benzylamide (5
1,4-Di-N-oxide-3,6,7-trimethylquinoxaline-2-carboxylic acid 2-benzylamide (7).
Yield 12.45%.
1,4-Di-N-oxide-7-methoxy-3-methylquinoxaline-2-carboxylic acid 2-benzylamide (8).
Yield 
1,4-Di-N-oxide-7-fluoro-3-methylquinoxaline-2-carboxylic acid 2-benzylamide (11).
Determination of growth inhibition percentage via MABA
The initial screen is conducted against M.Tb. H37Rv (ATCC 27294) in BACTEC 12B medium using the Microplate Alamar Blue Assay (MABA). 26 Compounds exhibiting fluorescence were tested in the BACTEC 460-radiometric system. Compounds effecting <90% inhibition in the primary screen (MIC >6.25 g/mL) were not further evaluated.
Determination of minimum inhibitory concentration (MIC) via MABA
Determination of cytotoxicity in VERO cells
Determination of selectivity index (SI)
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